Under stable atmospheric conditions the brightness of the urban sky varies throughout the night following the time course of the anthropogenic emissions of light. Different types of artificial light sources (e.g. streetlights, residential, and vehicle lights) have specific time signatures, and this feature makes it possible to estimate the amount of brightness contributed by each of them. Our approach is based on transforming the time representation of the zenithal night sky brightness into a modal expansion in terms of the time signatures of the different sources of light. The modal coefficients, and hence the absolute and relative contributions of each type of source, can be estimated by means of a linear least squares fit. A practical method for determining the time signatures of different contributing sources is also described, based on wide-field time-lapse photometry of the urban nightscape. Our preliminary results suggest that, besides the dominant streetlight contribution, artificial light leaking out of the windows of residential buildings may account for a significant share of the time-varying part of the zenithal night sky brightness at the measurement locations, whilst the contribution of the vehicle lights seems to be significantly smaller.
Introduction
Light pollution is a widespread phenomenon in the modern world. [1] [2] [3] [4] In many places on our planet the natural levels of night darkness are being significantly disrupted, as an unwanted side effect of the progressive extension of the use of artificial light. [5] [6] [7] [8] One of the most conspicuous manifestations of this problem is the increased skyglow that hinders the observation of the starry sky and increases the radiance and irradiance levels at otherwise pristine natural sites, located many kilometres away from the urban conglomerates. [1] [2] [3] [4] [9] [10] [11] [12] [13] [14] Several types of artificial light sources contribute to this phenomenon. First and foremost outdoor public and private lighting systems improperly designed or installed, often producing unnecessarily high illuminances, that send a relevant fraction of light towards the sky either directly or after reflecting off the ground. Vehicle lights also contribute to the overall skyglow: a fraction of the energy emitted by the headlights propagates at angles above the horizontal, and a non-negligible amount is reflected by the pavement, with a combined Lambertiandirectional angular pattern that depends on the pavement reflectance distribution function and on the prevailing atmospheric conditions (in particular, rain and snow). Finally, commercial and residential indoor lights, leaking out of the windows, also contribute with complex radiance patterns to the overall sky brightness.
Estimating the relative weights of these contributions is an issue of interest not only for basic science, but also for practical policymaking. A significant reduction of the present light pollution levels can only be achieved by acting on the sources, and the approaches and timing of any practicable corrective measures will necessarily be different for each of them. Whilst most efforts have been devoted to redesigning outdoor lighting systems in a more efficient way, a reappraisal of the present design of vehicle headlights and some cultural changes in the way window shutters and blinds are used in some cities could help to achieve additional reduction goals.
The estimation of the relative contribution of each type of source to the overall sky brightness can be made using two different approaches. One of them is based on carrying out a detailed census of the individual light emitters (streetlights, lighted windows of homes and shops, vehicle headlights, etc.) and evaluating their contributions to the night sky brightness by using suitable theoretical models and software tools to calculate the amount of light scattered back from the atmosphere in the direction to the observer, [15] [16] [17] [18] [19] [20] [21] [22] [23] taking into account the individual radiance patterns of each light source (spectral and angular), the ground and wall reflections undergone by the light before being redirected towards the sky, and the prevailing meteorological conditions.
An alternate, complementary approach that we develop in this paper is to determine directly these contributions by taking advantage of the characteristic time signature of each type of artificial source. Considered as a whole, and averaged over the city area, streetlights, vehicles, and industrial and domestic lights contribute to the overall skyglow with specific time-varying patterns. As we show in this work, the overall sky brightness, measured in radiometric (W/m 2 sr) or in photometric (cd/m 2 ) units, can be rigorously expressed as a linear combination of these specific time course functions. The relative weight of each term can then be easily determined by means of a linear least-squares estimation, if the overall sky brightness is measured with sufficient time resolution and the shapes of the time signature functions are known, either by direct measurements or by indirect methods. The results from this analysis provide the absolute and relative contributions of each type of light source to the overall sky brightness at any time of the night and can be a complementary aid for making informed decisions on public lighting policies and for modifying, if needed, the prevailing forms of artificial light use at night.
The structure of this paper is as follows. In Section 2 we briefly introduce the basis of the global time course signature approach. Section 3 describes the materials and methods we used to acquire and process the observational data gathered in the campaigns described in Section 4. A discussion of the limitations and significance of this work is carried out in Section 5, and conclusions are drawn in Section 6. Some additional formalization of the mathematical expressions used in this work can be found in Appendix 1.
Estimating the components of the urban night sky brightness
In clear and moonless nights, under constant atmospheric conditions, the zenithal brightness of the sky in strongly light-polluted cities varies throughout the night following the time course of the emissions of artificial light.
Assuming that M different kinds of sources (e.g. streetlights, industrial, vehicle, ornamental, domestic lights, etc.) contribute to the overall skyglow, the time course of the zenithal night sky brightness B t ð Þ, expressed in weighted radiance (W/m 2 sr) or luminance (cd/m 2 ) units, can be written as
where T i t ð Þ, i ¼ 1, . . . , M, are a set of functions describing the time course of the emissions of the different types of light sources, and c i are constants accounting for the relative contribution of each type of source to the total zenithal sky brightness recorded at the measurement site (see Appendix 1 for formal details). The normalization and units of c i and T i t ð Þ can be freely chosen, as long as their product in equation (1) has the correct value in radiance or luminance units. A practical choice, among other possible options, is to normalize T i t ð Þ such that it is dimensionless and equal to 1 at initial time, that is T i 0 ð Þ ¼ 1. According to equation (1), the relative contribution of the kth type of source to the overall zenithal sky brightness at time t, k t ð Þ, is given by
From equation (2) 
where b is a vector of size N Â 1, with components b s ¼ B t s ð Þ; T is a matrix of size N Â M whose elements are given by Tsk ¼ T k t s ð Þ; and c is a M Â 1 vector whose components are the unknown coefficients c k f g. If the number of measurements exceeds the number of unknowns, i.e. if N4M, the linear system in equation (3) is overdetermined and can be solved, in the least-squares sense, by
where T þ is a suitable pseudoinverse matrix, as e.g.
T 0 , with T 0 standing for the transpose of T . The symbol^indicates that c is an estimate of the true vector c: these vectors are not expected to be strictly coincident, due to the unavoidable propagation toĉ of the noise present in the measurements of B t ð Þ and, also, in the elements of T, if they are determined experimentally and not from theoretical first principles. Finally, by substituting the values of the elements ofĉ for those of c into equation (2) we get the estimated contribution of each type of light source to the zenithal sky brightness. If equation (4) returns some negative coefficients, iterative linear least squares procedures with a non-negativity constraint on c can be used to solve equation (3).
Materials and methods
3.1. Measuring the zenithal night sky brightness We measured the zenithal night sky brightness B t ð Þ in two field campaigns, using two different models of low-cost Sky Quality Meter (SQM) light meters (Unihedron, Canada). These widely used devices are based on a TSL237 (TAOS, USA) highsensitivity irradiance-to-frequency converter, with temperature correction, fitted with optics that restricts its field of view to a region of the sky with an approximately Gaussian weighting profile and a full width at half maximum of 208. The spectral band is limited to 400-650 nm (effective passband of the whole setup, at half the maximum sensitivity). 25, 26 The readings of the SQM light meters are given in the negative logarithmic scale of magnitudes per square arcsecond (mag/ arcsec 2 ), a non-SI unit for the integrated spectral radiance, scaled and weighted by the spectral sensitivity of the detector. 9 An offset of 0.1 mag/arcsec 2 shall be subtracted from the raw measurements, to account for the losses at the glass window of the detector housing, mostly due to Fresnel reflections at the air-glass interfaces. Due to the specific spectral sensitivity of the SQM device, the conversion between the SQM magnitudes and the corresponding mag/arcsec 2 in other standard photometric bands, like, for example, the ones defined by the Johnson-Cousins B, R, or V filters, 27 or the CIE photopic visual spectral efficiency function V(k), 28 
In our measurements, the zenithal night sky brightness B t ð Þ was continuously monitored throughout the night, at rates ranging from one reading every 42 s to one reading per minute, depending on location. These rates are considerably faster than the characteristic times in which the contributions of most types of artificial light sources, aggregated at the city level, are expected to vary; this oversampling, however, provides a high number of data points that are instrumental for attenuating the effects of the measurement noise.
Determining the time course of the artificial light sources
The relevant types of artificial light sources may vary from site to site and shall be determined after analysing the specific features of each urban area. Streetlights, vehicle headlights, and light leaking out from the windows of residential buildings are three relevant sources that shall be taken a priori into account in most cities and towns. Other sources that may contribute significant amounts of skyglow with specific time Contributions to night sky brightness 1095 courses, for example, industrial facilities or ornamental lighting, shall also be included when relevant.
In this work we estimated the time course of the artificial components, T k t ð Þ, by two different methods. Detailed information about the regulation of the public outdoor lighting systems, as well as the times of the night when they are partially dimmed, where applicable, was provided by the technical services of the municipalities where this study was carried out. On the other hand, the time course of industrial, residential, and vehicle lights was measured by means of widefield time-lapse photometry of the urban nightscape, using off-the-shelf digital singlelens reflex cameras (DSLR). [30] [31] [32] [33] [34] [35] This technique has been successfully used by Dobler et al. 36 to determine the aggregated behaviour of residential and commercial light sources in New York and by Meier 37 to analyse the temporal profiles of urban lighting in Berlin. Here we extend this approach to the traffic flow and to some specific source types, such as outdoor industrial lighting. The time-lapse measurements also served to check the information regarding the streetlight operation and dimming times.
The basic time-lapse procedure consists of acquiring from one or several fixed vantage points successive images of the urban nightscape, containing the basic types of sources under study (Figure 1 ), and extracting from these images the temporal evolution of the source radiances.
The DSLR images are taken at typical rates of one frame per minute and stored in RAW format for subsequent off-line analysis. The focal length of the camera lens is chosen to attain the desired field of view and the ISO sensitivity, diaphragm aperture, and exposure times are settled to maximize the use of the available dynamic range of the CCD or CMOS camera sensor. Details of the parameters used in our measurements can be found in Section 4.
Our time-lapse analysis workflow proceeded as follows. First, the images in the RAW proprietary camera format were converted to the open, lossless DNG RAW format using a free application as e.g. Adobe's DNG converter TM . The resulting DNG files were read with MATLAB TM (MathWorks, USA), and processed to extract the Bayer colour filter array (CFA), linearize it, apply the appropriate white balance multipliers, and interpolate each colour channel in order to get a full-resolution RGB image (demosaicing). This RGB image is then converted into greylevel luminance by means of a suitable linear combination of its RGB colour channels.
A set of binary masks was constructed, each one corresponding to the regions of the image that contain a given type of source (e.g. residential buildings windows or vehicle Figure 1 Examples of individual time-lapse frames taken at the two sites analysed in our study, A Coruñ a (top) and Arteixo (bottom), both located in Galicia (Spain) traffic roads). The time-lapse luminance images are successively multiplied (pixelwise) by each mask and the average value of the pixels corresponding to each region is calculated. The outcome is a set of linear data arrays containing the average pixel values at each time of the night and for each region. Then, the constant background light is subtracted from the arrays whose binary mask contained pixels not belonging to the sources themselves (e.g. segments of fac¸ades with no windows or road surfaces in periods of no traffic), and all arrays are normalized such that their initial value is set to 1. The resulting arrays are taken as an estimate of the shapes of T k t s ð Þ for k ¼ 1, . . . , M and s ¼ 1, . . . , N. As a final step, and to ensure working in a homogeneous time frame when applying equation (4), the SQM luminances (see Section 3.1) are linearly interpolated between measurements at times coincident with the time-lapse ts array.
Results
A proof-of-concept trial of this method was carried out over two cloudless and moonless nights in the cities of A Corun˜a (250,000 inh.) and Arteixo (30,000 inh.), located on the Atlantic shoreline of the North West coast of Galicia (Spain). The parameters and results of each observation night are given below. In both cases the analysis was restricted to the period comprised between the end of the evening astronomical twilight and the beginning of the morning astronomical twilight, that is the astronomical night (Sun altitude below À188).
A Corun˜a
The measurements in A Corun˜a were carried out in the night of 27-28 April 2017. The zenithal sky brightness was measured from the premises of the Casa das Ciencias Planetarium (Museos Cientı´ficos Corun˜eses) located in the centre of the city, using a SQM-LU detector taking one reading every 42 s. The time course of the components of the artificial light emissions was determined by time-lapse photometry using the DSLR images or the urban nightscape recorded from the ETS de Na´utica e Ma´quinas of the University of A Corun˜a, located 1.1 km to the NNW of the former location (Figure 1, top) . These images were acquired at a rate of one frame per minute with a 50 mm fixed focal length lens set at f/2.8 attached to a Canon EOS 1200D Digital SLR standing on a tripod and set to ISO 400 and a shutter speed of 1/10 s. Since the time evolution of the emissions of the outdoor public lighting system of A Corun˜a municipality was known in advance, only the residential and vehicle lights components were determined from these images. They were subsequently normalized as described in Section 3.2. The resulting T k t ð Þ functions, as well as the SQM radiances normalized to 1 at the initial time point, are shown in Figure 2 .
The T k t ð Þ functions corresponding to the residential buildings and vehicle lights shown Contributions to night sky brightness 1097 in Figure 2 are highly fluctuating in short time scales, an artefact due to the relatively small number of individual sources of each type that can be detected within the field of view of a typical time-lapse frame. This effect is more noticeable in the case of the vehicle headlights, since the area of the images occupied by streets and roads is relative small. The overall trend of these functions, however, is deemed representative of the actual emissions taking place at the whole city level, and can be extracted from the raw signals by low-order polynomial fits, as shown in Figure 3 .
The T k t ð Þ functions corresponding to the public streetlight system were constructed from the information provided by the technical services of the municipality of A Corun˜a. Although most streetlights were kept at a constant light output from dusk to dawn, a small fraction was dimmed from 00:30 to 06:00 (CEST), and another fraction used a five-step regulation scheme: (1) from dusk to 00:00 at full light output, (2) 00:00-02:00 at reduced light output, (3) 02:00-05:00 at maximum light output reduction, (4) 05:00-06:00 at the same level as (2) , and (5) from 06:00 until dawn at full light output. From this information the public streetlight contribution was considered composed of four basic normalized terms: T s1 t ð Þ ¼ 1 for all t (constant baseline component); T s2 t ð Þ ¼ 0 for 00:30 t506:00, and 1 otherwise (dimming, in two step regulation); T s3 t ð Þ ¼ 0 for 00:00 t506:00, and 1 otherwise (first light output reduction level of the five-step regulation); and T s3 t ð Þ ¼ 0 for 02:00 t505:00, and 1 otherwise (second light output reduction level of the five-step regulation).
The estimated components of the modal coefficients vector areĉ ¼ ð4:41, 1:22, 0:07Þ millicandelas per square metre (mcd/m 2 ), for constant streetlights, residential, and vehicle lights, respectively, whilst for the regulated (dimmed) streetlight terms the coefficients were of order 0.001 or below. components, and using equations (1) and (2), the absolute and relative contribution of each type of source to the zenithal night sky brightness can be estimated for every moment of the night. Figure 4 shows the time evolution of this brightness, expressed in luminance units (mcd/m 2 ). The reconstructed overall brightness is fairly coincident with the SQM measurements.
The relative weight of each component of the urban emissions is shown in Figure 5 . The contributions of the vehicle and residential lights diminish steadily from the end of the astronomical evening twilight until about 04:00 h (CETS), increasing continuously from that moment on until the beginning of the astronomical morning twilight, although at a slower pace. The relative weight of the constant streetlight emissions follows, in consequence, the opposite trend.
The maximum residential lighting contribution takes place at the beginning of the astronomical night and amounts to a 21.5% (1.22 mcd/m 2 ) of the total sky brightness, whilst the vehicle lights seem to have a noticeably smaller contribution, of the order of 1.2% (0.07 mcd/m 2 ). At the same time the contribution of the constant streetlights (4.41 mcd/m 2 ) reaches its minimum relative value (77.3%).
Arteixo
The measurements in Arteixo were made in the night of 24-25 February 2017, from a vantage point located at the centre of the main urban nucleus, close to the rim of the large industrial park of Sabo´n (Figure 1,  bottom) . This site is located 10.1 km to the South West of the Casa das Ciencias Planetarium of A Corun˜a. The zenithal sky brightness measurements were made with a SQM-LU-DL detector, and the time course of the artificial light emissions was estimated from time-lapse images obtained using the ) for the first three industrial terms. The only exception is the fourth industrial term (switching on at 05:30 CET), whose contribution is zero at the beginning of the night.
Discussion
It has been previously reported that the zenithal night sky brightness in urban areas tends to decrease in the first half of the night, due to the progressive switch-off of residential and industrial lights, and the reduction of the vehicle traffic flows. Typical darkening rates reported in studies carried out in different regions of the world are of order 4.5% per hour 2 , that is about 0.05 mag/(arcsec 2 h). According to these results, the absolute difference between the brightest and the darkest point in the night may easily reach 0.3 mag/arcsec 2 , amounting to a reduction of $25% in the zenithal brightness of the sky. In the examples presented in Section 4, the reduction of luminance was 26% for A Coruñ a and 45% for the industrial site of Arteixo. Previous studies on the zenithal sky brightness of Madrid (Spain) reported a reduction of order 49%, for an estimated composition of the emissions to the upper hemisphere of 54% streetlights, 36% ornamental and Regulated streetlights 100 Figure 9 Relative weight of the components of the zenithal sky brightness throughout the night, based on the measurements carried out in Arteixo. As it was observed in A Coruñ a, the contributions of vehicle and residential lights diminish steadily from the end of the astronomical twilight after sunset until about 04:00 h (CET), increasing from then on until the beginning of the astronomical morning twilight. The relative weight of the constant streetlight emissions follows the opposite trend. CET: Central European Time commercial lights, and about 9% residential lights. 13 This variability may be due to the different estimation methods and may also reflect the specific light source composition and time dynamics of different cities and towns.
All observations suggest, however, that the variable components are a relevant fraction of the overall night sky brightness. Acting on this variable part of the anthropogenic emissions of light may help to attain significant improvements of the current light pollution levels, complementing the necessary reduction of the upward light emissions produced by streetlights, which still represent the biggest contribution to the artificial night sky brightness. A key issue for planning and implementing any set of remediation measures is to identify the relative contribution of each type of source. Our preliminary results suggest that the light leaked out of residential building windows may have a relevant share in the total amount of urban emissions, especially in the first hours of the night. The outwards emissions from an individual window can be quantitatively estimated using suitable multiple-reflection models of indoor lighting. 38, 39 A judicious use of blinds and curtains at times when looking outdoors is not required nor desired may significantly alleviate the overall light emissions from residential buildings. In contrast, the contribution of vehicle lights to the overall sky brightness seems to be significantly smaller, at least in the measurement locations used in our study. Direct illumination from vehicle lights, however, has been recently identified as a growing source of ecological impacts. 40 The results presented in Section 4 should be taken as an illustration of the application of the proposed method, rather than as a final and sharply cut statement on the relative contribution of the different types of artificial sources to the urban sky brightness. As an important remark, note that these contributions are expected to vary from point to point as the observer moves across the city and beyond: the night sky brightness (and its composition in terms of the contributions of elementary source types) varies across the territory due to the change in the relative positions of the sources and the observer, and to the particular form of the angular emission function of the sources. The relative contribution of each source is also expected to depend on the particular direction of the sky in which the measurements are made.
Both the method itself and the particular examples reported here suffer from some limitations that deserve further consideration. The core of the method is the reduction of the dimensionality of the description of the zenithal sky brightness, achieved by passing from a time-based representation B t ð Þ to a modal coefficients-based one, c i , in terms of the time signatures of each contributing type of source T i t ð Þ, and the subsequent estimation of the modal coefficients from a least-squares fit to a sufficiently large discrete set of measurements made at times ts, s ¼ 1, . . . , N. The main problem associated with this approach, from a basic standpoint, is the lack of orthogonality of the time signature functions, in the sense that P N s¼1 T i t s ð ÞT k t s ð Þ 6 ¼ K i ik , being K i a real positive number and ik the Kronecker delta function. This lack of orthogonality forces the solutions of equation (4) to be highly dependent on the number and type of terms included in the sky brightness description equation (1) . An accurate estimation of the relative brightness contributions is therefore contingent upon the correct identification of all relevant types of contributing sources. Note that in this work we have included the main types of sources known to be relevant in each location, as deduced from the processed content of the time-lapse images and the information provided by the technical services of the corresponding municipalities. Other locations may require including additional terms, as e.g. light sources mounted externally on residential buildings that follow specific time schedules across the night. Besides, this lack of orthogonality, especially noticeable for the residential and vehicle lighting contributions due to the similarity of their time courses, puts stronger demands on the numerical precision required for an accurate solution of equation (4) and may help to increase the noise propagation.
From an experimental viewpoint, the main requirement associated with this approach is the need of finding a suitable vantage point to determine with sufficient accuracy and precision the time course of the relevant artificial sources. This is particularly true of the vehicle lights signal, since the overall field of view corresponding to the streets and roads in the urban nightscape imagery is generally smaller than the one corresponding to windows, and the traffic flow at the street scale (not so at the metropolitan area scale) is highly fluctuating in time. In our present study the time-lapse images were taken from a single location, trying to encompass all kinds of relevant light sources: a straightforward improvement would be to acquire simultaneous time-lapse images from a variety of urban locations, each one containing a sufficiently large sample of individual sources of a given kind. Since the zenithal sky brightness responds to the overall emissions of the urban area, the key issue is finding locations sufficiently representative of the average behaviour of the city at large.
In this work we did not address the spectral composition of the light scattered back from urban skies to the observer. The spectral composition of the light emitted by urban sources can be determined by using hyperspectral imagery, either ground-based or airborne (see Dobler et al. 41 and Alamu´s et al., 42 and references contained therein). Putting aside these limitations, the results presented in this paper show the feasibility of the proposed approach and suggest the relevance of residential lights in the build-up of the overall levels of artificial skyglow in urban areas. Further observational campaigns are necessary to confirm or otherwise contradict this finding.
Conclusions
The zenithal night sky brightness in urban areas varies throughout the night following the changing time course of the anthropogenic emissions of light. Different types of artificial light sources (e.g. streetlights, residential, and vehicle lights) show specific time signatures, and this feature allows for an estimation of the amount of sky brightness contributed by each of them. The method described in this paper consists of reducing drastically the dimensionality of the problem by transforming the timebased representation of the zenithal sky brightness into a modal coefficients one, in terms of the time course signature of each source type. The modal coefficients, and hence the absolute and relative contributions of each light source, can be estimated by linear leastsquares fits of the modal expansion to the measured values of the zenithal sky brightness. The zenithal sky brightness may be monitored using conventional low-cost light meters. The time course of the sources can be determined from wide-field time-lapse photometry. The preliminary results shown in this paper suggest that artificial light leaking out of the windows of residential buildings accounts for a significant share of the varying part of the zenithal sky brightness, whilst the contribution of vehicle lights is significantly smaller. Further studies are required to confirm this point.
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S Bara´http://orcid.org/0000-0003-1274-8043 spectral sensitivity of the detector, V ð Þ. The (noiseless) brightness measurements can hence be described by
where d 2 a ¼ cos h ð Þdhd, with h standing for altitude and for azimuth, is the solid angle element. The solid angle integral is formally carried out over the celestial hemisphere , spanning 2 sr. Substituting equation (8) into equation (9) we get
and, after integrating over the angular variables
where G i ð Þ ¼ R g i , a ð ÞF a ð Þd 2 a is the weighted integral of g i , a ð Þ over the 2 sr celestial hemisphere above the observer.
Finally, if the spectral composition of the radiance emitted by each type of source does not vary throughout the night (note that the different types of sources are defined, among other criteria, by this condition), the aggregated spectral radiant flux can be factored out as
where T i t ð Þ is the function describing the time course of the emissions andÈ i ð Þ is the spectral composition of the ith type of source, which, by assumption, does not depend on time. The scaling and dimensions of T i t ð Þ andÈ i ð Þ can be assigned arbitrarily, provided that their product gives the correct value and units for È i ; t ð Þ. A useful choice is to identifyÈ i ð Þ with the overall spectral flux (W/nm) emitted at a given time t 0 of the night, È i ð Þ È i ; t 0 ð Þ, in which case the time course signature T i t ð Þ turns out to be dimensionless and normalized such that T i t 0 ð Þ ¼ 1. From equations (11) and (12) we can write
and hence we get equation (1)
where
are constant coefficients that do not depend on time, and whose units are the same as the units of B t ð Þ. According to the recommended SI practice, B t ð Þ is usually expressed as a weighted radiance (W/m 2 sr), specifying the photometric band V ð Þ used for the measurements. Note that when this band is coincident with the photopic (or scotopic) CIE spectral efficacy function of the human visual system, the brightness can be equivalently described in the SI luminous units cd/m 2 .
